ABSTRACT
Introduction
Named after suitably as Mirabilis, meaning amazing in Latin, due to featuring a speciality as staying closed during the day and opening up towards the evening, Mirabilis jalapa (Gece sefası, Akşam sefası in Turkish) or "four o'clock" has been used especially in genetic studies for many years. Mirabilis jalapa, which is a perennial plant tolerant to environmental pollutants such as dust, fumes, soot etc., displays a pleasant sight for eyes by being planted on sideways in urban areas (1, 2, 3) . Deemed as the plant of the future, M.jalapa is studied not only in terms of its hereditary properties but also in terms of its productivity biology, fragrance, nectar and glucose content, especially on natural and cultivated species (4, 5, 6, 7, 8, 9) . Belonging to the Nyctaginaceae family, M. jalapa has tuberous roots and seeds reported as poisonous. The content of its toxic compounds still remains unclear in spite of the conducted researches (2) . It has been determined that particularly the tuberous roots harbor antiviral activity against viruses (10, 11, 12) , that its peptides, which are rich in cysteine, exhibit antifungal activity when isolated from its roots (13, 14) , that when root extracts are sprayed over potatoes they inhibit viral infection (15) , showing thus it features a anticarcinogen chemotherapeutic potential. Moreover, in recent years, researches aiming at revealing the anthocyanin content, relation with chlorophyll and regulation of pigments with genes have been conducted (2, 16, 17, 18, 19) .
The pigments (chlorophyll and carotenoid) that give color to higher plants are generally found in plastids and in cell sap (anthocyanin) in vacuole. It is known that the level and composition of these three pigments that exist in different parts of the plants differ depending on their type, on the season and on physiological events. Anthocyanins constitute a large class of flavonoids that account for pigmentation, serve to attract animals for pollination and seed dispersal, and are also believed to be important as protectants against UV irradiation (20) . In plant ontogenesis, following germination at early seedling phase and at organelle level, the transformation of etioplasts to chloroplasts that carry chlorophyll with the effect of light is also utterly important. Carotenoids which act as accessory pigments together with the chlorophyll in photosynthesis also have an important role in the protection of the chlorophyll molecules from light.
As it is known, the growth and development of plants are particularly dependent upon the availability of phosphate. In addition, protease activity, one of the enzymes that play role in germination, is crucially important. During germination and early growth, these storage proteins are degraded by proteolysis. Proteolytic cleavage plays an important role in storage protein deposition and reactivation in seeds. In plants, protein degradation is linked to different developmental stages, such as germination, differentiation and morphogenesis, senescence, and programmed cell death (PCD), has been reported (21, 22) . The seed proteases are located in the protein bodies of dicotyledonous plants and in the starchy endosperm of germinating cereals. As general features, seed proteases have serine in their active site, a pH optimum within the 4-6 range, and low specificity. However, the behavior of this isosymes after germinating is variable depending on the species (23, 24, 21) . Precursor polypeptides are processed by limited proteolysis to mature subunits of reserve proteins in storage tissue cells of developing seeds. The induced conformation changes of storage proteins open them to attack by additional endoand exopeptidases which degrade the protein reserves completely. The role that stored proteinases play in the initiation of storage protein breakdown in germinating seeds thus remains unclear. Proteases that catalyze limited cleavage or complete degradation are synthesized as precursors which also undergo stepwise limited proteolysis when they are formed in cotyledons of developing or germinating seeds. In general, this processing transforms enzymatically inactive proenzymes into active proteases.
Acid phosphatases (E.C. 3.1.3.2) are widely distributed in the plant kingdom. Plant acid phosphatases (ACP) examined include the enzyme from seeds, plumules, coleoptiles, cotyledons, leaves, roots, tubers, bulbs and root nodules (25) . Acid phosphatases are involved in the metabolic processes of germination and maturation of plants. They are constitutively expressed in seeds during germination and have their activities increased with germination to release the reserve materials for growing embryo. The growth and development of plants is particularly dependent upon the availability of phosphate, under conditions of phosphate limitation (26) . The demand for phosphorus increases dramatically during periods of rapid cell growth and division such as seed germination. Higher plants are known to contain several kinds of apases of different properties (27) . These enzymes are considered to act during germination for the mobilization of phosphorus reservation. Moreover, it has been determined by researchers that this enzyme plays an important role in differentiation and developmental phases of plants, in change of place of nourishing components, and in active transfer of glucose and other substances from membranes (28, 29) .
The goal of this study is to determine the content of anthocyanin located in two separate parts of seedlings during the early phases of consecutive differentiation of seeds obtained from germinating red and white flowered plants. As it is known, while plants acquire morphogenetic characteristics, they differentiate in order to implement a variety of functions. During this organization, the location of anthocya-nin, which is the hereditary feature of seedlings, remains unclear. However, in the advanced phases of development anthocyanin synthesis is regulated with a number of environmental factors such as light, heat, pathogen and hormones. During ontogenesis, which takes place consecutively at the germination phase of M. jalapa, proplastids, which exist probably in the seed, transform into photosynthesizing chloroplasts under the effect of light. The amount of chlorophyll which emerges with the differentiation taking part at seedling will be determined, and that anthocyanin production and chlorophyll content are two contrarily functioning metabolic events will also be studied. Also another goal of the study is to make a comparison between protease and phosphates activities in two separate parts of seedlings.
Materials and Methods
In this study, cotyledon and hypocotyl of 5-day old seedlings following the germination period of Mirabilis jalapa L. (Nyctaginaceae) were used as material. After the seeds of four o'clocks are thoroughly washed, they were left in water so as to enable its pericardium to soften. Then, the seeds in question were planted just beneath the surface of earth placed in flowerpots. The plants were raised in rooms featuring 60-70% humid, 20-25°C and a light exposure of 6000 lux. Under these circumstances, the seeds germinated in 5 days were harvested. Each seedling was divided into two groups as cotyledon and hypocotyl, thus their chlorophyll a, b, carotenoid content, protease and acid phosphatase activities were determined in terms of spectrophotometer.
Determination of Anthocyanin Content
In determining the anthocyanin content of cotyledon and hypocotyl samples of red and white flowered M.jalapa plants the method taken from Mancinelli (30) was applied. After being thoroughly extracted at 3 ml methanol-HCI (1% HCI, v/v), plant samples weighing approximately 200 mg were left in the refrigerator for 2 days at 3-5°C, during which they were centrifuged from time to time. Later on, the extract was filtered, and the anthocyanin content in the filtrate were measured under 530 nm wavelength and the chlorophyll content under 657 nm wavelength, then to be placed in the A 530 -A 657 formula. Finally, with the extraction of the chlorophyll absorption, the anthocyanin content was defined quantitatively as OD 530/g fresh weight.
Determination of Chlorophyll and Carotenoid Content
After the cotyledon and hypcotyl of the white and red flowered M.jalapa plant were quantitatively measured as fresh weight, they were extracted with 90% acetone, and the extract was left in darkness at 4ºC for 24 hours. The content of chlorophyll a, b and carotenoid pigments in the extract was measured as mg chlorophyll/g fresh by the application of Parson and Strickland's (31) method.
Protease Activity Assay
The cotyledon and hypocotyl contents of red and white flowered plants of M.jalapa were quantitatively measured, and then the extract was homogenized by 2 ml 50 mM phosphate-citrate buffer (pH 6.0) after being left in cold (4ºC) for half an hour, and later on it was centrifuged at 4ºC by 12,000 rpm for 15 minutes. Used as azocoll (calbiochem) substrat in the supernatant faction, its protease activity was determined (32) . The final reaction mixture of 1 ml contains 5 mg Azocoll, 0.8 ml 50 mM phosphate-citrate buffer (for acid protease pH 4.2, for neuter protease pH 6.6) and 0.2-ml enzyme. The control groups which also do not contain enzyme were prepared similarly. After the tubes containing this mixture were vortexed, they were left at 43ºC for 3 hours in centrifuged water. At the end of the scheduled period of time, the tubes were held in ice for 1 hour in order to stop the reaction, and to separate the Azo-coll that did not dissolve, the tubes were centrifuged again. The absorbance of supernatant was measured at 520 nm wavelength and was quantitatively defined as OD 520/ g. fresh weight. Acid Phosphatase Activity Assay Acid phosphates activity was determined by the application of the method taken from Tanaka et al. (27) . According to this method 1 g fresh material was homogenized by 1 ml 50 mM Tris-HCl (pH 6.8) buffer and later on it was centrifuged by 13 000 rpm for 20 minutes. Acid phosphates activities were assayed at 31ºC, pH 5.0, by measuring the rate liberation of p-nitrophenol from p-nitrophenylphosphate. An assay mixture contained 150 mmol of potassium acetate, 30 mmol of p-nitrophenylphosphate, and enzyme preparation in a total volume of 1.0 ml. After incubation for 30 min., the solution was mixed with 1 ml of 2 M Na 2 CO 3 and the absorption of this solution was measured at 410 nm against a blank. The acid phosphates activity was defined quantitatively as unite/ml.min.
Statistical Analyses
Each value is the average of five experiments and the vertical bars show the standard error. Student's t-test was made to establish the importance of differences between the obtained findings.
Results and Discussion
In this study, it was determined that in the early development phase the seeds obtained from red flowered M. jalapa plant exhibits a higher content of anthocyanin and carotenoid in its cotyledons and hypocotyls in comparison with those of the white flowered plant. The obtained data is shown in Fig. 1, 2 .
When the acid and neuter protease activity in both of its organelles of the red and white plant is examined, it was determined that in comparison with hypocotyls there was a higher level of enzyme activity with an especially high level amount of protease (Fig. 3, 4) . The neuter protease activity in the cotyledons of the red flowered plant was determined to be higher by 84% in comparison with the cotyledons of the white flowered plant.
The absorbance of acid phosphatase extract was measured under 410 nm wavelength at spectrophotometer relatively to blank without containing enzyme preparation as it has been told before in Materials and Methods part. As it seen on Fig. 5 , acid and protease activity is higher in comparison with the cotyledon and hypocotyl of the white flowered plant. The highest level of enzyme activity was determined in the cotyledons (647 U/ml) of the red flowered plant.
M. jalapa, which is tolerant to environmental pollutants such as dust, fumes, soot etc., has been used in genetic studies for a long time (33, 34) . In this research it has been proved that in red flowered plants, the amount of anthocyanin and carotenoid are high in cotyledons of the plant, in white flowered plants the amount of anthocyanin is quite low (Fig. 1, 2) . The amount of chlorophyll and anthocyanin obtained from red and white flowered plants of M. jalapa show that there are two contrary mechanisms in two different plants. This is illustrated in Fig. 1, 2 . According to the litera- ture, it is known that if the productivity of anthocyanin increases and the chlorophyll is lost, this indicates a significant change in the metabolism (10, 35, 14) . The results of this study support this fact.
The high level productivity of anthocyanin and carotenoid and the low level of chlorophyll in the red flowered plant may be a significant indicator of change. On the other hand, the low level anthocyanin in the white flowered plant can not protect the plant from UV irradiation, and the extra amount chrolophyll, which exists as a photosynthetic pigment, forms the photo-synthetic products, thus, contributing to the development of the plant. In addition, it can be asserted that carotenoid acts as accessory pigment and does not play an active role in the process of photosynthesis.
It is noteworthy that the protease activity in both cotyledon and hypocotyl of red and white flowered plants displays a high level volume when compared with the acid protease activity. Neuter protease activity in the cotyledons of the red flowered plant was determined to feature a higher level of activity by 84% in comparison with that of the red flowered plant. Results in the literature and those presented here show a degradation of seed storage proteins during germination with a strong variation interspecies and intervarieties (36, 37) . The fact that the protease activity is higher in red flowered plant paves the way for protein degradation and provokes the biosynthesis of IAA phytohormone of the emerged tryptophan amino acid, causing dramatically the plant development. It is possible to induce that the low level of the activity in question at white flowered plants may cause the delay of early seedling phase.
When the results related to the acid phosphatase activity are examined, it becomes clear that the acid phosphatase activity at cotyledons of both red and white flowered plants has increased respectively by 8% and 3% in comparison with hypocotyls. At this point, as is the case with the protease enzyme activity, the highest level of activity was determined at the cotyledons of the red flowered plant. Similarly, Asghar and Demason (38) put forth that during the germination and seedling development stages, significant differences occurred in acid phosphatase activity at the adaxial and abaxial regions of Lupinus lutenus (Fabaceae) cotyledons, and they proved that they primarily localized at the inner cell membrane. Aside from this point, it was determined by Prazeres et al. (26) that the enzyme in question displayed a different type of activity at cotyledons, hypocotyls and roots during the germination of Glycine max seeds. According to the obtained data, the reason why red flowered plants germinate and start the seedling stage earlier than white flowered plants may be linked to the significant increase respectively in total protease and acid phosphatase activity.
As a conclusion, when the pigment contents and enzyme activities in two separate parts of both red and white flowered M. jalapa plants in early development stages are compared, it was determined that the red flowered plant began the germination phase earlier and grew faster. Especially, in red plant cotyledons anthocyanin acts as photoprotective pigments and carotenoids as accessory pigments, thus, causing chlorophyll to over-photosynthesize. In addition, with the increase in protease and phosphatase activity and as result of the mobilization of phosphorus reserves, red flowered plant exhibits a faster pace of growth in comparison with the white flowered plant.
